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Abstract: Sweet lupine species have an important protein intake and have multiple 
uses on the food market, especially for vegetarian, vegan, non-GMO products, as well 
as for those without lactose, cholesterol, obtained with an ecological technology. 
Lupine protein contains all of the essential amino acids necessary for human nutrition, 
increasing the biological value of this crop. The reduction of the alkaloid content of 
lupine seeds, especially in white and blue lupine, is studied of approx. 100 years, 
being obtained their decrease from over 2% to less than 0.02%. The chemical 
composition of lupine seeds is favorable for functional foods that can replace milk, 
cheese or meat products. Thus, sweet lupine can be an alternative to soy. The use of 
sweet lupine has important phytotherapeutic effects in lowering blood cholesterol and 
uric acid in the body. 
 





 Nowadays, more and more people are paying attention to a healthy 
lifestyle or are addicted to foods with special properties due to allergies and 
intolerances. These foods include non-GMO vegetarian and vegan products, as 
well as lactose-free, low-cholesterol products made with environmentally 
friendly technology. In this context, legumes can provide the much needed 
protein in human nutrition and beyond (https://orgprints.org). 
 Lupinus species are some of the most valuable in the Fabaceae family. 
Only three of more than 200 species of lupine used in antiquity as food (after 
washing), remain more common today: white lupine (Lupinus albus L.,), 
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yellow lupine (L. luteus L.) and blue lupine (with narrow leaves) (L. 
angustifolius L.). The name "sweet" lupine is not due to the sweet taste of the 
berries, but to the lack of bitter taste caused by the presence of alkaloids, ie a 
lower content of alkaloids. Lupine grains accumulate a comparable amount of 
protein to soybean (30-40%) (Weisse, 2009). Therefore, sweet lupine can be 




 Lupins contain, according to various authors, a significant percentage 
of protein (including all essential amino acids), little or no starch, little oil, 
fiber, vitamin E (tocopherol), provitamin A (beta-carotene) important trace 
elements (potassium, calcium, magnesium and iron) (Table 1).  
 
Table 1 
Chemical composition (%) of lupine grains 




Fats Fiber Ash 
L. albus 34.9-37.0 26.1-37.0 7-10.0 13.6 4.1 
L. luteus 39.5-44.8 23.4-30.6 4.7-5.4 16.7 5.1 
L. angustifolius 30.4-34.0 42.2-45.1 4.7-7.0 15.9 3.8 
(Source: Belski et al., 2011; Schmiechen et al., 2011; Muntean et al., 2014; Berk et 
al., 2007; www.natur-institut.com, www.ndr.de, www.lupinenverein.de, 
https://orgprints.org). 
 
 According to Rinne (2015), the average content (g/100 g) of amino 
acids in lupine grains is about: 10.53 arginine, 2.17 histidine, 5.08 lysine, 4.02 
valine, 3.72 isoleucine, 6.81 leucine, 4.02 phenylalanine, 1.00 methionine, 
3.92 threonine, 1.20 tryptophan, 1.72 cysteine, 4.20 proline, 4.02 tyrosine, 5.57 
serine, 22.70 glutamine, 4.33 glycine, 3.10 alanine and 9.46 asparagine. Of 
these, lysine plays a very important role in nutrition and is an important 
component of human connective tissue (https://orgprints.org). Table 2 reveals 
the share of amino acids in the 3 dominant lupine species. The amino acid 
content of lupine seeds is similar to that of soybean seeds (Bettzieche et al., 
2008, quoted by Weisse, 2009). Arginine is more abundant in lupine than in 





The main amino acid content (g/100 g) of the three species of lupine 
Lupine species Lysine Methionine Cystine Threonine Tryptophan 
L. albus 4.66 0.65 1.42 3.49 0.90 
L. luteus 4.60 0.60 1.54 3.34 0.73 
L. angustifolius 4.49 0.55 1.33 3.31 0.91 
(Source: Berk et al., 2007) 
 
 Numerous studies highlight that the combination of lupine protein and 
cereal protein (including corn) results in an almost ideal protein composition in 
the diet (FAO quoted by www.lupinenverein.de). 
 The amino acid spectrum in lupine proteins gives it a high biological 
value. Substances such as trypsin inhibitors that reduce its value are lower in 
lupine grains than in soybeans. The isoflavone content in lupine is also very 
low (Bettzieche et al., 2008; Weisse, 2009). Also, the protein components in 
lupine grains, such as casein and lactalbumin, have adequate nutritional value 
(Caligari et al., 2006). The average mineral content is presented in table 3. 
 
Table 3 
The average mineral content of lupine grains (mg/100 g) 
Macroelements Microelements 
K Na Ca P Mg Mn Fe Cu Zn Se Co 
0.85 0.05 0.21 0.29 0.17 22.0 40.0 5.0 35.0 0.12 1.0 
(Source: Rinne, 2015) 
 
 A special feature of lupine (especially white lupine) is the higher 
manganese content than other legumes. Thus, the needs for this element in 
food and feed can be met without the need for other supplements (Berk et 
al., 2007). The crude fiber content can be reduced by peeling the grains 
(Berk et al., 2007). 
Like soybeans, white lupine and yellow lupine have higher protein 
content than carbohydrates. Sweet lupine forms have a higher protein and 
oil content and less cellulose. There is a higher fat content in the seeds of the 
3 lupine species presented than in other legumes (except soybeans). The oil 
is rich in unsaturated fatty acids (oleic acid 24-52% and linoleic acid 15-
48%). Composition of blue lupine fatty acids is 19.5% saturated fatty acids, 
32.4% monounsaturated fatty acids and 48.1% polyunsaturated fatty acids 
(www.lupinenverein.de). This makes the oil have a special nutritional value 
(Berk et al., 2007). In the bitter forms of lupine, alkaloids (sparteine, 
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lupanin, lupinin, lipinin, oxylupanine etc., from the quinolizidine group) can 
be found in a proportion of 0.3–3%. These are toxic substances for animals 
and humans, making them sick with lupinosis (lupinism). The genetic study 
of proteins and alkaloids in white lupine reveals that they are complex, 
polygenetically determined quantitative traits in which several types of 
genetic actions may be involved (Fritea, 1996). Current food regulations 





 Lupins have been used as a staple food in South America and the 
Mediterranean countries for more than 2,000 years in the form of soups, 
salads, stews or, after drying and grinding, in baking products (Berk et al., 
2007; Trugo et al., 2016). After Australia, which is the most important lupine 
cultivator in the world (over 484 thousand hectares), Poland was, in 2019, in 
Europe, the main lupine cultivator with over 117 thousand hectares, followed 
by Germany with 21 thousand hectares (Johnson et al., 2017; www.fao.org). 
 Sweet lupine has a real potential for functional food. In Europe, sweet 
lupine grains (with an alkaloid content of less than 0,02%) are used in food, 
without any reservation, in the form of flour, in the preparation of various 
bakery or bread products (10-20% in wheat flour) (replaces the egg and 
improves the shelf life and freshness of the product due to the good ability of 
the lupine protein to bind water), as boiled or fried grains, or to obtain oil, 
margarine, protein etc. (Berk et al., 2007; Roman et al., 2011; Muntean et al., 
2014; Trugo et al., 2016; www.oekolandbau.de). In Germany, as well, 
products made from lupine, such as muesli, bread, noodles or milk substitutes 
("Lopino" = lupine tofu, lupine shoyu and lupine miso), lupine mayonnaise or 
meat, is growing in popularity (Berk et al., 2007, https://orgprints.org). Thus, 
lupine ice cream can be made without the addition of milk or cream, the 
sensation of eating it being as creamy as high-fat foods (Weisse, 2009; 
www.ndr.de). In Portugal and Italy, roasted and salted lupine beans are 
traditionally served as a "snack" for beer (Berk et al., 2007). In the 
Mediterranean countries (Spain, France, Italy, Greece, Turkey, North Africa) 
and the Middle East, lupine seeds are used with olive and tomato oil under the 
name "Tirmis pilakisi" (www.eatyourbooks.com). 
 In Tyrol, the region of Altra, a coffee substitute, called "Altreier 
Kaffee" or "Voltruier coffee", is commonly made from the hairy lupine 
(Lupinus pilosus Murr.) locally called "Altereier Lupine" or "Blue Flower", 
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grown here for over 100 years. For phytotherapeutic purposes, the locals use 
this lupine, in the form of tea, mixed with mint and wormwood, and to cure 
indigestion or flatulence in cows (www.suedtirols-sueden.info; 
www.youtube.com; www.lupinenverein.de). 
 In addition to protein, white lupine seeds contain 8-12% excellent 
nutritional quality oil (Boschin et al., 2008) with properties that make it 
very useful as an ingredient in functional and/or nutraceutical foods 
(Arnoldi, 2005; Kaffka, 1988). 
 Alkaloids can be removed by soaking the grains (24-36 h), then 
boiling them in uncovered pots (1-2 h), removing the water after cooling 
and then rinsing the grains under a stream of cold water. 
 Lupine also has many advantages, including phytotechnics. 
Bradyrhizobium lupini bacteria that symbiosis with lupine roots assimilate 
100-200 kg of nitrogen/ha from the air, bringing an ecological nitrogen 
supply to the soil, very useful for the following crops, and the deep roots of 
lupine (which can reach 2 m depth) improve soil structure 
(www.quarks.de/gesundheit). Also, the root system of lupine (especially L. 
angustifolium) can mobilize heavy soluble phosphorus (by excreting organic 
acids, citrate, and roots) (Berk et al., 2007; Trugo et al., 2016; Boehm et al., 
2020). Therefore, lupine is one of the most desirable precursor plants, but 
also a crop for green manure (French, 2016; Boehm et al., 2020). 
 
 Therapeutic effects of lupine use 
 Consumption of lupine grains has effects against obesity, high blood 
pressure, high cholesterol and insulin insensitivity - all risk factors for 
cardiovascular disease (Belski et al., 2011). Lupine consumption offers 
many health benefits, including lowering low-density lipoproteins, 
improving bowel function, and increasing satiety (Noort, 2017). 
 
 Hypocholesterolemic effect 
 Dr. Regina Belski, Professor of Dietetics and Human Nutrition at La 
Trobe University in Melbourne, Australia, conducted a study of 2 groups of 
overweight and obese human subjects. One group was fed bread, biscuits 
and lupine-enriched pasta, and the control group received the same products, 
but in the form of whole grains. Over the course of a year, members of both 
groups underwent a three-month weight loss program, followed by a weight 
maintenance program. At the end of the study, lupine group members had 
significantly lower blood pressure and increased insulin tolerance than 
control group members. In addition, lupine-enriched foods have been found 
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to help control appetite. Another study from the University of Western 
Australia, also conducted by Belski, found that people who eat lupine bread 
for breakfast eat about 20% less at lunch than people who eat white bread 
for breakfast. "When people eat lupine-enriched bread, they start to feel full 
much earlier. In addition, the satiety of lupine lasts much longer than that of 
whole grains, so the next meal will be lower” (Belski et al., 2011). These 
results are confirmed by those of Prof. Michael Wink of the Institute of 
Pharmacy and Molecular Biotechnology at the University of Heidelberg 
(Santen et al., 1999). 
 The γ-conglutin protein fraction is of particular interest in this 
regard, due to its proven ability to control glycemia, due to its interaction 
and binding with insulin and due to its insulin-mimetic actions (Bertoglio et 
al., 2011; Lovati et al., 2012). Therefore, the commercial, pharmacological 
use of γ-conglutin for the treatment of type II diabetes has been patented 
(Morazzoni and Duranti, 2004). However, the widespread production of γ-
conglutin from white lupine seeds is hindered by the low content in these 
seeds, only about 4-5% of the total protein (Duranti et al., 2008). In this 
respect, there are concerns for increasing the percentage of this compound in 
white lupine, by optimizing production based on the genotype × 
environment interaction. There is previous research in regard to other 
quality traits of white lupine seeds, such as the content of oil, tocopherol or 
alkaloids (Annicchiarico et al., 2014, 2016).  
 Unlike animal protein, lupine protein is completely free of 
cholesterol. In contrast, it has a very high proportion of healthy unsaturated 
fatty acids (almost 85% of all fatty acids) and is therefore very suitable for 
people whose blood lipid levels are too high (www.zentrum-der-
gesundheit.de; www.quarks.de/gesundheit). 
 Numerous studies revealed that lupine grain proteins significantly 
reduced plasma cholesterol levels in hypercholesterolemic rats (Bettzieche 
et al., 2008; Weisse, 2009), rabbits (Marchesi et al., 2008) and pigs (Martins 
et al., 2005). The same protein could also decrease the plasma triglyceride 
levels in rats (Spielmann et al., 2007; Bettzieche et al., 2008, quoted by 
Weisse, 2009). The hypolipemic effects are explained by the action on the 
expression of cellular transcription factors, such as sterol binding protein 
(SREBP) and their target genes. SREBPs are significantly involved in the 
regulation of lipid metabolism and activate a large number of genes that 
have a direct influence on lipid homeostasis in the body (Weisse, 2009). 
SREBP 1c regulates the expression of genes involved in triglyceride 
metabolism, are responsible, for example, for fatty acid biosynthesis 
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(Shimano et al., 1999). SREBP 2 regulates the genes of cholesterol 
metabolism which, for example, control the biosynthesis and intestinal 
absorption of sterol (Weisse, 2009). To date, some animal studies are 
showing that lupine protein, which has been tested at 35 g/day for the time 
being, may have a positive effect on plasma lipid levels. 
Hypercholesterolemia or hypertriglyceridemia, as risk factors for 
atherosclerosis, may be enhanced by lupine protein, and especially by 
cysteine in these proteins (Weisse, 2009). 
 
 Antiatherosclerosis effect 
 A study by Marchesi et al. (2008) also succeeded in reducing the 
progression of carotid artery atherosclerosis in rabbits by using protein 
isolate from white lupine grains compared to casein. However, the causes of 
this atheroprotective effect have not yet been fully elucidated. Another 
experimental model widely used to investigate atherosclerosis is apoE 
knockout mice. Here the extent and course of plaque development are very 
similar to those in the human body (Weisse, 2009). Because hypolipemic 
proteins such as soy protein (Shukla et al., 2007), fish protein (Shukla et al., 
2006) and also lupine protein (Spielmann et al., 2007; Bettzieche et al., 
2008) contain higher concentrations of cysteine amino acids. Calcium 
deposits in atherosclerotic plaques were reduced by more than 50% due to 
lupine protein, thus inhibiting the progression of this disease and delaying 
the onset of hypertension (Weisse, 2009). 
 Lupine flour has a lower purine content compared to other protein 
sources, especially animal. Purines lead to the formation of uric acid, which 
builds up in the joints, which can lead to gout and other problems such as 
kidney stones. Lupine grains are rich in iron, easily assimilated, useful for 
the production of hemoglobin (www.zentrum-der-gesundheit.de; 
www.quarks.de/gesundheit). Rheumatism or gout can benefit from the lack 
of purine in lupine grains. 
 Lupine berries do not contain lactose, cholesterol, phytoestrogens or 
gluten, so they can also be used by people with celiac disease 
(hypersensitivity to cereal protein gliadin) (https://orgprints.org). 
 The dietary fiber in lupine grains is better tolerated than in other 
legumes. These fibres are very useful for the health of consumers, promote 





Sweet lupine species (especially white and blue lupine) have an 
important potential for enriching the diet with protein and the characteristics of 
a functional food. The advantages of using sweet lupine result from: the 
content of grains in quality proteins, which contain all the essential amino 
acids, very necessary in a balanced diet; more pronounced satiety when eating 
lupine, which reduces the tendency to obesity so often and can reduce blood 
cholesterol and prevent high blood pressure; possibility for use by people with 
gluten or lactose intolerance; low purine content, which prevents the 
accumulation of uric acid in the joints (the appearance of gout) and the 
formation of kidney stones; Fiber content, which promotes intestinal transit 
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